Electronic voting machines were used for the first time in general elections in Brazil in 1998; in that year, some cities used this new voting method, while others continued to vote using paper ballots. Few studies have demonstrated that the rate of invalid votes for federal deputy was significantly lower in cities that used electronic voting machines.
order to do away with these fraudulent practices was to adopt a completely electronic voting system. Paper ballots, ballot boxes and the manual counting and tallying of votes were all replaced with electronic voting machines.
However, the creators of electronic voting machines did not imagine that the invention would have effects on other aspects of the voting system. Studies based on elections from 1996 and 1998, the elections in which some cities experimented with the use of electronic voting machines for the first time and others voted using traditional paper ballots, have revealed some of these effects.
Electronic voting machines drastically reduced the total number of null and blank votes in the 1998 elections (FUJIWARA, 2014; HIDALGO, 2010; NICOLAU, 2002) and increased the number of party label votes in both the 1996 and 1998 elections (ZUCCO JR. and NICOLAU, 2015) . The primary reason for the decline in null and blank votes is that the new voting method has facilitated the process of casting a vote, particularly among uneducated voters; for these citizens, it is easier to work with numbers than it is to write candidates' names on paper ballots. Furthermore, the keyboard on electronic voting machines has the same numerical format as telephones and bank terminals, thus ensuring familiarity for uneducated voters.
The result of the shift to electronic voting meant the incorporation of millions of "new" voters into the electoral process. Three researchers have stated the following on this shift in the voting system:
The data presented on the decrease in blank and null votes in the 1998 elections for Congress and State Legislature indicates that electronic voting likely encouraged more voters to vote (thus reducing U blank votes) and made voting easier (thus reducing erroneous votes and consequent null votes)" (NICOLAU, 2002, p. 292) .
...voting by paper ballot was difficult for a large fraction of Brazilian voters. The introduction of electronic voting reduced these difficulties, and consequently functioned as a de facto expansion of the suffrage (HIDALGO, 2010, p. 36) .
Estimates indicate that [electronic voting] reduced residual voting in state legislature elections by a magnitude larger than 10% of total turnout. Such effect implies that millions of citizens who would have their votes go uncounted when using a paper ballot were de facto enfranchised. Consistent with the hypothesis that these voters were more likely to be less educated, the effects are larger in municipalities with higher illiteracy rates (FUJIWARA, 2014. p.2) .
The fact that studies on the effects of electronic voting machines have used the total number of invalid votes (the sum of blank votes and null votes) in the 1998 proportional elections-the first in which electronic voting machines were used for national offices-raises two questions: First, is there any difference when we consider null votes and blank votes separately? Second, to what extent did the decrease in observed invalid votes for federal deputy and state deputies occur in the case of executive posts (governor and president)? The purpose of this article is to answer these two questions.
The article is divided into three sections. The first section presents a history of the voting processes used in Brazil since 1945 and outlines how null votes and blank votes were considered when each of the different voting processes was in place. The second section offers a brief description of the blank and null votes for the posts of federal deputy, state deputy, governor and president in the 1998 elections, based on the voting system adopted (paper ballots versus electronic voting machines). The last section compares the results from 1998 with those from 1994 using the difference-in-differences (diff-in-diff) technique.
Voting processes in Brazil
Since the first general elections took place in Brazil in 1945, three voting processes have been used in the country: party ballots, Australian ballots and electronic voting machines 1 .
1 For a description of the voting processes used before 1945, see Nicolau (2012) . states, the TSE used the size of the registered electorate as the criterion: cities with fewer than 40,500 voters would continue to vote using paper ballots, while those above this threshold used electronic voting machines. Electronic voting machines were used in a total of 537 cities (9.8% of the 5,507 cities in the country). Fiftyeight percent of the country's total population at the time lived in these 537 cities.
In addition to the mechanical change to casting a vote-those who were writing a candidate's name or number with a pen would now type a candidate's number-electronic voting machines ushered in other changes as well. The first of these changes has been the required order in which offices would be voted upon, which was established by the TSE. The second change is the requirement to vote for a candidate for every office, that is, voters must vote for the first office before moving on to the second and so forth until the voting process is closed via an electronic alert. The third change has been that votes are no longer cast using party voters must press the "CONFIRM" key 8 . In the case of party label votes, the party's symbol appears.
When the electronic voting machine was installed in 1996, a law was still in place in which blank votes were counted in the calculations to distribute seats for City Councils, State Assemblies and the Chamber of Deputies among the parties.
For this reason, a special key was necessary to allow voters to cast blank votes.
Curiously, however, even with the annulment of this law in 1997, the blank vote key was still added to new versions of the electronic voting machine. In the era of electronic voting machines, a blank vote became a more simple option for voters:
all they had to do was push a special key in which "BLANK" was written.
Meanwhile, to cast a null vote, voters must enter a non-existent candidate number (for example, a sequence of zeros) and confirm their votes. Lavareda (1991) , and Santos (2003) . 10 Gingerich (2013) compared cities that used party ballots and cities that used Australian ballots in 1962 and found an increase in invalid votes in the latter; however, the study did not distinguish between null votes and blank votes.
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(2015) 9 (3) 3 -20 increased from 1.5% to 4.4%. In Guanabara, the total number of blank votes witnessed a rise from 4.9% to 10.4% 11 . In 1998, the total number of invalid votes in the races for the Chamber of Deputies witnessed a substantial decline. A series of studies have produced consistent evidence that this decline was associated with the introduction of electronic voting machines (FUJIWARA, 2014; HIDALGO, 2010; NICOLAU, 2002) .
The drop in invalid votes was the result of two factors. The first factor was that, for voters (particularly those with low education levels), it became easier to vote by typing numbers on a keyboard that was similar to those used on telephones and at bank terminals than it was to write a candidate's name or number on a ballot. The second factor is a question of how voting came to take place. The fact that votes for proportional offices appeared first and that voters were required to make a choice (to press a key to cast a blank vote, or to press a number for a candidate or for a party, or to cast a null vote by entering a non-existent number) in order to move on to majoritarian offices had a considerable effect on the choice for federal deputy (ZUCCO JR. and NICOLAU, 2015) .
In the three elections that followed (2002, 2006 and 2010) , invalid votes for the Chamber of Deputies remained at relatively low levels for a specific period and increased substantially in 2014. Meanwhile, in the series of eleven presidential races in the country, it is interesting to note that the total number of invalid votes from 1998 was not significantly lower than that of 1994. The drop occurred in 2000 and has remained relatively stable since then. Is it possible that, in 1998, electronic voting machines did not have the same effect as the one observed in the congressman race? This topic will be discussed in the following section.
Null and blank votes in the 1998 elections
In the 1998 elections, residents in cities that used the old voting model received two ballots when they arrived at the polling station. The first was a yellow ballot with the names of the candidates for president, governor and senator with small boxes in front of each name. The second was a white ballot on which voters had to write the name (or number) of their chosen candidate or party (if they chose to cast a party label vote). Votes were cast in the voting booth and were then deposited in a ballot box. Meanwhile, voters who used electronic voting machines (many of whom were using them for the first time), needed to follow a specific voting order. In 1998, the order of the offices used was congressman, state deputy, senator, governor and finally president 14 . (2000), divided on the basis of the voting process (paper ballots or electronic voting machines).
A general overview of the null votes is presented in Figure 02 . The two graphs above clearly show that, for proportional offices (federal deputy and state deputies), the percentage of null votes tended to be much lower in cities that used electronic voting machines. Whether because of the significance accorded to votes for proportional offices, or whether because it is much easier to type on the keyboard of an electronic voting machine than it is to write out candidates' names, we found that null votes truly were lower for these two offices. Meanwhile, for the executive offices (president and governor), the result was surprising: the number of null votes tended to be higher in cities that used electronic voting machines, though with a negative correlation: the higher the HDI of the city, the lower the number of null votes. The two graphs indicate that the high rates of null votes tend to be concentrated in the upper area, where cities with lower HDIs are displayed. The following question persists: in cities that used electronic voting machines, why were null votes so much higher for offices that have greater importance in the Brazilian representative system (governor and president)?
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One hypothesis is that the order in which candidates are presented on the screens of electronic voting machines during the voting process may have contributed to voter confusion (KINZO, 2004 
Comparing 1998 election results with those from 1994
The criteria used by the TSE to select which cities would use electronic voting machines and which would continue to vote using paper ballots were not random: (1) total adoption of electronic voting machines in five states and (2) adoption of electronic voting machines in cities with fewer than 40,500 voters in the other states. Because smaller cities have, on an average, lower social indicators than large cities, it is crucial to know to what extent the differences found in blank and null vote rates can be explained by social factors and not by the effects of the voting process. A simple way to "isolate" the effects of cities' socioeconomic levels is to compare the average amount of null and blank votes from 1998 to those from the same cities in the previous elections (1994), a technique known as differencein-differences, or diff-in-diff (ANGRIST and PISCHKE, 2009; 2014) . The fact that the intervals between the two elections were only four years aids the comparison, since it is to be expected that the socioeconomic attributes of the cities changed little during this period. and 1994 elections, focusing on the cities that used electronic voting machines in 1998. We observed a small difference in percentage points between the two types of cities. This difference followed the same pattern for all four offices: in cities that adopted electronic voting machines, the rate of blank votes was higher and the rate of null votes was lower. The most important information in Table 02 is the difference-in-differences demonstrated in the last column. We observed a decline in votes for all four offices relative to the data from 1994; in terms of percentage points, the differences found were −6.2 for the federal deputy, − 
Conclusions
The 1998 Electronic voting machines also contributed to the decrease in null votes for federal deputy and state deputies. In the 1994 elections, which preceded the adoption of the new voting model, the total rate of null votes in the country reached 25%. Though the rate of null votes decreased in 1998, the drop was greater in cities that experimented with electronic voting machines (a rate of 05%) than in cities that continued to use paper ballots (a rate of 15%). For the offices of governor and president, however, the reverse trend was observed: the rate of null votes was higher in cities that used electronic voting machines. A comparison of the null votes in these cities indicated that they increased substantially. These findings are surprising, particularly if we consider the effect that presidential and gubernatorial elections have on the Brazilian political system.
One hypothesis is that the voting order established in electronic voting machines may have contributed to the high rate of null votes when these machines were used. In an attempt to encourage voting for the legislature, the law established that voting would begin with proportional offices. The fear was that, if the vote for president came first, many voters would choose not to vote for the other offices. Based on the format adopted, voters would have to vote for all other offices before they could vote for the president.
The problem is that the order adopted is counter-intuitive. With no experience with the new voting method, voters expected to vote for the president first. An unfortunate coincidence causes the presidential candidate's campaign number to be the same as the party number in proportional races; consequently, a vote cast for the president is counted as a party label vote for the party with which the president is affiliated. This initial error results in confusion and increases the probability that greater errors occur specifically with regard to casting votes in the elections for the last two offices.
As other studies on the 1998 elections have indicated, electronic voting machines make a difference. In addition to separately analyzing blank votes and null votes, the main contribution of this study may be to show that, despite an overall drop in blank and null votes for federal deputy, electronic voting machines have increased null votes for offices that have more visibility in Brazilian politics.
In addition to the differences that are traditionally referenced in comparisons between paper ballots and electronic voting machines, which is a seemingly simple choice, the order in which candidates appear in the voting process may have had a significant effect on the results of the 1998 elections.
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